The incidence of black-pigmented (BP) Bacteroides spp. in 62 human dental root canal infections (35 acute and 27 clinically asymptomatic cases of apical periodontitis) in 57 adults was studied. Altogether 37 strains of BP Bacteroides were found in 31 infections, always in mixed anaerobic infections. Two different BP Bacteroides species were present in six infections. B. intermedius was most frequently isolated (15 of 62 canals; 24%) followed by B. denticola which was present in 12 cases. Asaccharolytic BP Bacteroides species, B. gingivalis and B. endodontalis, were found in eight cases. BP Bacteroides species were found both from symptomatic and asymptomatic infections, but there were also several symptomatic cases from which BP Bacteroides species were not isolated. B. gingivalis and B. endodontalis were present only in acute infections, B. intermedius was found both in symptomatic and asymptomatic infections, and B. denticolk occurred mostly in asymptomatic infections. BP Bacteroides species were isolated initially from 9 of the 11 teeth with symptoms at 1 week, but only from 22 of the 51 teeth that were symptomless at 1 week. Two strains of B. denticola were resistant to penicillin G at a concentration of 2.4 ,ug/ml, but the MIC of penicillin G for all other strains was 0.6 ,ug/ml or lower. Forty-two randomly selected patients received penicillin V (oral administration, 650 mg, three times daily) during the first week of endodontic therapy. Penicillin had no effect on the occurrence of symptoms after 1 week compared with the control group (20 patients).
Black-pigmented (BP) Bacteroides species are normal inhabitants of the gastrointestinal tract and oral cavity of humans and are also commonly present in mixed anaerobic infections (5) . The essential role of BP Bacteroides species in human opportunistic infections has long been established (15, 24, 28) . Their pathogenic potential may be related to the production of hydrolytic enzymes such as collagenase and endotoxin and inhibition of the phagocytic function of polymorphonuclear leukocytes (8, 10, (25) (26) (27) . Results of studies in animals indicate interspecies differences in the virulence potential of BP Bacteroides species (20, 29) . The asaccharolytic species B. gingivalis and B. asaccharolyticus and the weakly saccharolytic species B. intermedius have been shown to induce more severe infections than strains previously classified as B. melaninogenicus subsp. melaninogenicus. Advances in the taxonomy of anaerobic bacteria and especially of BP Bacteriodes species, however, have brought some uncertainty to the evaluation of the virulence of these bacteria. Originally one species, B. melaninogenicus is now known to comprise eight species (human strains) on the basis of differences in biochemical characteristics, lipid analyses, DNA base composition, and DNA homology (3, 9, 11, 30) . The occurrence of the newly described species of BP Bacteroides in endodontic infections, however, is not known.
The virulence potential of bacteria in vivo is difficult to assess. In many respects dental root canal infections offer good conditions for studying the relative significance of a single bacterial species or combinations of species. Because of its anatomy, the root canal lacks normal flora, and specimens can be successfully obtained without mucosal or salivary contamination. Also, the number of different species in root canal infections is relatively low (12, 17, 23, 35 hagen, Denmark) was used, and the measurement was confirmed radiographically. Canals were filled with calcium hydroxide and sealed with a temporary filling between appointments. Forty-two randomly selected patients received penicillin V (650 mg, three times daily) for 7 days. Symptoms were registered at the beginning (0 weeks) and at 1 week. Pain, swelling, or both; open sinus tract; and tenderness to percussion were regarded as signs of an acute infection. RESULTS Frequencies of isolation, key biochemical characteristics, and the occurrence of symptoms when BP Bacteroides species were present are given in Tables 1 and 2 . All BP Bacteroides strains were isolated from mixed anaerobic infections. The number of anaerobic species usually varied from three to seven, and the number of facultative species varied from zero to one. Symptoms were registered in 35 teeth (56%). One or more species of BP Bacteroides were found in 19 (54%) of the symptomatic cases and in 12 (44%) of the asymptomatic cases. Symptoms were present in 11 teeth 1 week after the first examination. BP Bacteroides species were isolated from nine of these teeth at the beginning of the treatment (Table 2 ). In the tenth tooth a radicular cyst was diagnosed by the radiograph. After the second examination all patients became symptomless.
The reduction in the number of symptomatic cases was comparable in the penicillin (42 teeth) and control (20 teeth) groups between the first and second examinations. The proportions of acute infections declined from 55 to 19% in the penicillin group and from 30 to 15% in the control group. Susceptibilities of BP Bacteroides species to penicillin are given in Table 3 . Only two strains of B. denticola were found to be resistant.
DISCUSSION
In previous reports of root canal infections the incidence of BP Bacteroides species ranges from 6 to 38% (6, 12, 22, 23, 35) . In this study one or two species of BP Bacteroides were isolated in 31 of 62 teeth (50%) with apical periodontitis. Sampling and cultivation onto the agar plates were performed at chairside. This, together with prolonged incubation of the primary plates to detect delayed pigmentation, may partly explain the high frequency of BP Bacteroides species in our material, in which nearly half of the cases were asymptomatic. When only acute dentogenous abscesses have been studied, higher frequencies also have been found. Aderholt et al. (1) 9 periodontal, and 9 surgical infections) and found BP Bacteroides species in only three cases. The great differences in the frequencies of BP Bacteroides species in these studies may partly reflect differences in sampling, sample processing, and the diagnostic precedures that were employed. However, although BP Bacteroides species are often isolated from acute dentogenous infections, there are also other species or combinations of species capable of inducing an acute phase of infection. Whether the presence of BP Bacteroides species always results in an acute infection cannot be evaluated from the results of these studies because only acute infections were included. It should be emphasized that not all species of BP Bacteroides readily pigment on horse blood agar. B. denticola, B. loescheii, and B. melaninogenicus often require rabbit or sheep blood to show the characteristic pigmentation (9). In our experience, the pigmentation of asaccharolytic species may also be delayed, and the color of single colonies varies from light grey to dark brown. Colonies of slowly pigmenting BP Bacteroides species have no other characteristics different from many other Bacteroides species. In this study sheep blood was used only in the KVLB medium for initial cultivation, while horse blood was used for other media at this stage. Yet, more BP Bacteroides species were isolated from the MCGP and chocolate agar media than from the KVLB plates. One explanation for this is that vancomycin is inhibitory to some BP Bacteroides species (32) . We also noticed that many BP Bacteroides strains pigmented readily on the primary plate when they were adjacent to colonies of other species. When pure cultures of the indole-negative saccharoclastic BP Bacteroides species were obtained, the characteristic pigmentation was no longer observed on horse blood agar. After repeated subcultures on MCG medium with sheep blood, the pigmentation of most B. denticola strains reappeared. On laked rabbit blood agar, all strains except one showed the characteristic pigmentation.
The frequencies of B. melaninogenicus, B. denticola, and B. Ioescheii in root canal infections usually have not been reported. In this study B. denticola was by far the most common representative of this group. B. Ioescheii was isolated from only two canals, while B. melaninogenicus was totally absent. B. melaninogenicus is very similar to B. denticola if only conventional biochemical tests are used, but these two species can be readily identified by the difference in the DNA base composition (9) . It is possible that some strains presented earlier under the name of B. melaninogenicus have, in fact, been B. denticola.
Results of several studies during the last few years have shown resistance to penicillin among BP Bacteroides species (16, 18, 21) . Our strains were all sensitive at a concentration of 0.6 ,ug/ml, with the exception of two strains of B. denticola. The found that half of the strains had a MIC of less than 0.125 ,ug/ml, and 90% of strains were inhibited at a concentration of 0.5 ,ugIml. The results of this study also suggest that penicillin therapy has no substantial effect on the occurrence of symptoms 1 week after the beginning of the treatment, compared with the control group, in cases of uncomplicated periapical infections. Severe dentogenous orofacial infections were not present in our material.
We were not able to confirm the findings of Sundqvist (G. Sundqvist, Ph.D. thesis) and Griffee et al. (6) , who suggested that there is a relationship between symptoms and BP Bacteroides species in human periapical osteitis. It was not only that symptoms were present without BP Bacteroides species but we also found an equal amount of symptomless teeth with BP Bacteroides species, and the overall isolation frequency of BP Bacteroides species in our material was high. However, the asaccharolytic oral species B. gingivalis and B. endodontalis were found only in acute infections. We previously reported our B. endodontalis strain as B. dentalis (7), but while our paper was in press the description of B. endodontalis was published (30) . Our strains seem to be phenotypically indistinguishable from B. endodontalis, so it was reasonable to use the name B. endodontalis in this report to avoid confusion, although DNA hybridization between the strains has not been done. In a recent study on odontogenic abscesses, Van Winkelhoffet al. (31) found that B. endodontalis was the most frequently isolated BP Bacteroides species after B. intermedius, B. endodontalis was isolated in 9 of 17 abscesses of endodontic origin, B. gingivalis was isolated in only 2 of 17 cases, and B. denticola was not found in any of the abscesses that were studied. In our study B. gingivalis was isolated more frequently than B. endodontalis, but comparisons between these two studies are difficult to make because different materials were used. In our study only 56% of cases were symptomatic, and of them a minority were abscesses.
Our results are in good agreement with the virulence tests of BP Bacteroides species in animals (20, 29) , as well as results of in vitro studies of the BP Bacteroides speciespolymorphonuclear leukocyte interaction (26, 27) , which suggest that B. gingivalis is the most virulent BP Bacteroides species. The presence of symptoms 1 week after the beginning of treatment appeared to be related to the occurrence of BP Bacteroides species in these teeth when therapy was started. Extrusion of infected root canal contents is known to occur frequently, even with careful cleaning of the root canal space. It is possible that the resistance to phagocytosis by BP Bacteroides species (10, 26) may partly explain the slower disappearance of the symptoms.
The results of this study suggest that the presence of B.
gingivalis and B. endodontalis in necrotic root canal is closely related to an acute infection and that fermentative BP Bacteroides species, including B. intermedius, are frequently present both in symptomatic and asymptomatic infections. It is also possible that the risk for persisting symptoms may be greater when BP Bacteroides species are part of the infective flora.
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